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38
Intra-group aggression is an ordinary and everyday part of primate societies, as it is the most obvious 39 manifestation of within-group competition [Honess and Marin, 2006; Huchard and Cowlishaw 2011; 40 Isbell, 1991; Walters and Seyfarth, 1987] . Indeed, aggression is sufficiently common in most primate 41 societies that they have evolved behaviours such as reconciliation and consolation to help repair the 42 damage to social relationships that can potentially be caused by conflict [de Waal, 2000] . Much of the 43 aggression observed in primate groups is of low intensity and does not result in physical damage, but 44 higher intensity violence does occur, often resulting in wounding and occasionally the death of the wounding in both wild and captive populations [Pereira and Weiss, 1991; Hood and Jolly, 1995] , 72 although there appear to be no data for the frequencies of agonistic wounding. Frequencies of 73 agonistic attacks in ring-tailed lemurs are generally quite low, but rise during the breeding season in 74 both males and females; for example intergroup conflicts range from 0-4.67 per day at Berenty in 75
Madagascar, while intragroup agonism ranges from 0-5.3 acts per hour depending on season [Pride, 76 2005a] . These rates are for all categories of agonistic act, so wounding rates should be considerably 77 lower. Since glucocorticoid levels predict individual mortality in wild ring-tailed lemurs [Pride, 78 2005b] , and the postulated "weekend effect" in captivity is suggested to be a consequence of stress, 79 then ring-tailed lemurs are also a suitable species to investigate whether wounding in captive animals 80 is related to visitor pressure in zoos. 81
Here we test the hypothesis that wounding rates in zoo-held chimpanzees and ring-tailed lemurs are 82 correlated with numbers of human visitors in the zoo. Methods
83
Subjects 84
We collected data for two chimpanzee groups at two different zoos, Taronga Zoo in Sydney, 85
Australia, and Chester Zoo in the UK; and a ring-tailed lemur group at South Lakes Wild Animal 86
Park, also in the UK. These two species were chosen because chimpanzees were the subjects of the 87 original reports by Lambeth et al [1997] and Williams et al [2010] , and ring-tailed lemurs are 88 commonly-held primates in zoos for which we would be able to obtain sufficient data for analysis. 89
Ring-tailed lemurs at Chester Zoo were considered unsuitable for this study as they are housed on an 90 island, with limited public visibility; and Taronga lemurs were too few in number to provide a suitable 91
database. 92
Taronga chimpanzees 93
Between the years 1999 and 2012 the Taronga Zoo chimpanzee colony comprised of between 16 and 94 The ring-tailed lemurs were housed within a mixed-species walk-through exhibit including black-and-142 white ruffed Varecia variegata variegata, black-and-white belted Varecia variegata subcincta, red 143
2 ) but tended to separate into intra-specific groups at night. The 146 outdoor enclosure that was directly accessible was approximately 1ha; however, the ring-tailed lemurs 147 had access to the entire zoo within the perimeter fence (approx 5ha). 148
The typical husbandry routine was that the lemurs were counted and visually checked for any health 149
concerns at approximately 0810 h daily. The indoor enclosure would then be cleaned without the
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need for the lemurs to be locked outside. Lemurs were scatter fed twice daily within the indoor 151 enclosure but also had access to berries and leaves growing wild around the park. 152
Data and Analysis 153
We defined a wound as any laceration which required veterinary treatment or was perceived by the 154 keepers as potentially needing veterinary treatment. We collected incidences of wounding from zoo 155 records, together with the date of the record and the animal's identity. These were medical notes and 156 medical observations extracted from ZIMS™ records (Zoo Information Management Software, ISIS 157 2014). It is likely that there are between-zoo differences in decisions about which events are recorded, 158
and for this reason we cannot use these data to draw any meaningful biological conclusions about 159 differences in wounding rates between zoos. These data were available for the period 1999-2012 for 160 the two chimpanzee groups and 2008-2012 for the lemur group. We calculated mean daily gate 161 numbers from daily attendance records kept by the zoos for those years for which data were available 162 and within the time frame of the wounding data. By this we mean that we calculated a mean for all 163
Mondays, another mean for all Tuesdays, and so on for the entire period for which we had gate 164 numbers. We used gate numbers rather than number of people at the enclosure because these are 165 historical data for which enclosure visitor numbers do not exist, but also because the papers which 166 inspired this study [Lambeth et Pearson correlation coefficients were used to detect significant correlations of total daily wounds 172 against mean daily gate numbers for each zoo, to determine if there were daily effects of visitor 173 number. 174
Results
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Total numbers of wounding events and mean daily gate numbers for the three primate groups and 176 three zoos are shown in Table 1 . There were significant differences in mean daily gate number 177 between days for all three zoos, primarily because of high Saturday and Sunday attendance (Chester 178 χ 2 = 1088.07, df = 6, P < 0.001; Taronga χ 2 = 1283.69, df = 6, P < 0.001; South Lakes χ 2 = 27.75, df = 179 6, P < 0.001). 180
[ Table 1 ] 181
There was no significant correlation of daily wounds with mean daily gate numbers in the Taronga 182 chimpanzees (r = 0.261, P = 0.572, ns) or the Chester chimpanzees (r = -0.427, P = 0.339, ns). 183
There was also no significant correlation of daily wounds with mean daily gate number in the South 184
Lakes lemurs (r = -0.13, P = 0.781, ns). 185
Discussion
186
Chimpanzee woundings 187
Our data from the Taronga and Chester chimpanzee groups do not support the hypothesis that 188 wounding rates are correlated with visitor number. In neither group were days with high average gate 189 numbers associated with high rates of wounding. There are at least two possible reasons why no 190 correlations were found: i) there really is no effect of zoo visitor numbers on chimpanzee woundings; Furthermore, zoo chimpanzees have more opportunities than those in laboratories to avoid or conceal 218 themselves from human visitors [Wagner and Ross, 2008] . It is also possible that chimpanzees in 219 laboratories perceive more threat from people than their zoo counterparts. For the laboratory 220 chimpanzee the arrival of people on weekdays perhaps signals the likelihood of experimental 221 procedures taking place, so the animals respond to this threat rather than numbers of people per se. 222
Lemur woundings 223
Our data from the South Lakes ring-tailed lemur group do not support the hypothesis that wounding 224 rates are correlated with visitor number. Studies in zoos on the relationship between visitor presence 225 and ring-tailed lemur aggression give ambiguous results. There was a visitor-related increase in
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aggression in one group housed in a glass-fronted indoor enclosure [Chamove et al., 1988] , but a 227 study of a group in a walk-through exhibit showed no significant effect of human presence on the 228 ring-tailed lemurs [Perry, 2011] . Our study shows similar findings relating to wounding in that even 229 though the visitors were walking amongst the lemurs through their enclosure, it had no effect on the 230 number of woundings between members of the ring tail lemur group. We have been unable to find 231 any published data on wounding rates of wild ring-tailed lemurs, or indeed other captive groups. Our 232 conclusion for these lemurs is the same as for the two chimpanzee groups, that there is no evidence 233 that increased visitor presence is responsible for increased rates of woundings in these animals in 234 captivity. 235
Interestingly, human presence has also been implicated in altering the timing of births in some 236 laboratory primates [Alford et al., 1992] , but this effect appears not to occur in zoo-housed 237 chimpanzees [Wagner and Ross, 2008] or gorillas [Kurtycz and Ross, 2015] . We can only agree with 238 the latter authors that the effects of zoo visitors on captive animals may be less profound than 239 previous studies suggested. 240
Conclusion 241
1. There is no evidence in our data to support the hypothesis that increases in daily zoo visitor 242 numbers result in more wounding by captive chimpanzees or ring-tailed lemurs. 243 2. More observational studies are needed to assess whether there is any relationship between 244 visitor numbers and aggression in other zoo primates, and if so, what the nature of that 245 relationship is. This will contribute to our understanding of the effects of the zoo environment 246 on animal behaviour and welfare, and help enable zoos to implement the necessary additional 247 measures to ensure optimal welfare. 248 Hosey 14 
